Local changes in specular reflections of visible sunlight on the ocean surfaces can be captured effectively by satellite sensors operating in the visible range of the electromagnetic spectrum. This causes the sun-glint imagery to closely resemble the oceanic images obtained using Synthetic Aperture Radar (SAR) further allowing the identification of the various fine scale structures and patterns of the ocean. Moreover, at relevant spatial resolutions, cloud-free conditions as well as optimum relative positions of the sensor, sun and the wave front it is possible to image ocean waves, wave transformations and refraction patterns using Satellite Sun-glint imagery (SSGI). In the present study, Landsat OLI imagery captured along the coast of Brest, France is used to derive ocean wave characteristics such as wavelength, direction, amplitude and then mapped to better understand the process of wave transformation. The 2D fast Fourier transform technique has been used on Band 5 (NIR, 0.851 -0.879μm) to derive the wavelength of swell waves in nearshore regions as well as to analyze the wavelength change. Furthermore, owing to the detector configuration of Landsat 8 OLI there is a small time lag between the channel acquisitions. This effectively helps to infer the space-time characteristics of the surface waves using the cross channel correlation between Band 5 and Band 6 subsequently enabling removal of the directional ambiguity associated with the wave spectra obtained from the analysis. The main purpose of this study is to demonstrate the importance of SSGI in deriving relevant coastal information which can be further utilized for bathymetry, surface current and wave motion determinations.
INTRODUCTION
The reflectance over the oceans is significantly contributed by Sun-glint. The sea surface is smooth at the optical wavelength scale and acts as a near perfect specular reflector. The surface roughness dictates the intensity and pattern of the sunrays reflected upward close to the specular direction. The specular intensity and pattern is directly linked to the surface slope distribution and resultantly, optical methods have been used for measuring the slope probability distribution function (pdf), which can then be compared to the results of hydrodynamic modelling. Specular reflections can be widely observed in satellite imagery 1 . Especially operating in the visible range of the electromagnetic spectrum that can effectively capture fine contrast modulations related to local changes of the specular reflections of visible sunlight on the sensitive ocean surface. Satellite sun glint imagery (SSGI) contain significant information on the directional statistical properties of the wind ruffled sea surface roughness, especially its mean square slope (MSS), skewness, and kurtosis 2, 3 . Some of the earlier studies include the use of sun-glint imagery (astronaut photography, Landsat, Defense Meteorological Satellite Program (DMSP) satellites) for internal wave detection 4, 5, 6, 7 . The differences in the internal wave signatures between sun-glint images from SPOT and Synthetic Aperture Radar was studied by Mitnik et al 8 . Jackson 9 discussed the characteristics of MODIS imagery and utilized true color sun-glint imagery for detection of highfrequency nonlinear internal waves. The internal solitary wave propagation in the South China Sea was mapped using Further, the concept of cross spectral analysis is demonstrated and described using a single subset.
METHODOLOGY

Condition for Sun-Glint Imagery
In order to test for the condition for Sun-glint imagery the solar and sensor illumination angles of Landsat 8 OLI image is estimated. The surface brightness field in the sun glitter area where the impact of the sky radiance is negligible is considered here. Based on the Cox and Munk 2 , the sun glitter radiance, B generated by specular reflection of the sun glint is given by -
Where, E s is the solar irradiance, is the Fresnal reflection coefficient, θ v is the view zenith angle, P is the 2D probability density function (PDF) of the sea slope z 1 , z 2 in the two orthogonal directions in the x 1 and x 2 correspondingly, S is the generalized sea surface slope parameter. The above equation states that P is the dependent on the statistical properties of the sea surface slopes, like mean square slope (MSS), skewness and peakedness, Z 1 and Z 2 denote the sea surface slopes that satisfy the conditions of specular reflections.
Where, is the sun zenith angle, is the sensor zenith angle, sun azimuth angle and is the sensor azimuth angle ( Figure  4 ) The PDF is further expressed in the normalized form as -
Where, s 2 is the mean squared slope (MSS) of sea surface, and p is a "scaled" PDF. The s 2 is calculated following Cox and Munk (1954) for the given wind speed of the subset. The model is given as followss = 0.003 + 5.12 * 10 *
Where,
U w is the wind speed (m/s).
The MSS is generally relevant in the case of wind waves shorter than 1 m and the shape of the sun glitter is dependent on the statistical properties of the short waves. For the present imagery, Zn/S ~ 1 and hence it satisfies the conditions of sun glint and can be used further for deriving ocean characteristics.
Calculation of wavelength and phases of ocean waves
In the presence of sun glint, the optical imagery strongly resembles an ocean synthetic aperture radar (SAR) image. Hence, 2D Fast Fourier Transform is applied to all the images to derive the dominant wavelength and phase for each sub-image.
The wave length and angle of propagation can be estimated as follows:
Where, L is the measure peak wavelength, θ is the peak wave direction, ∆x is the spatial resolution of the image, N is the size of the sub-image, u and v are coordinates of the dominant frequency with the center point as origin
RESULTS AND DISCUSSION
Deriving dominant wavelength and phase changes using FFT
The Landsat 8 OLI band 5 is used to apply the Fast Fourier Transform technique to derive the dominant Wavelength and Phase. Figure 5 shows the frequency domain obtained for each subset. Further it can be seen in table 1 that the wavelength shows a decreasing trend from offshore to shallow waters. The methodology clearly captures the wave transformation which could be attributed to bathymetry changes. However, this requires further investigation as this region is affected by very strong tidal currents which can also contribute to the observed dynamics in this region. Nevertheless, considering the optical data follows the nature of a SAR imagery this concept can be further applied to derive the bathymetry of a region using the linear dispersion algorithm. 
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